Purpose To evaluate the impact of high estradiol (E2) levels on assisted reproductive technologies outcomes in high responders (≥12 oocytes retrieved) according to the controlled ovarian stimulation protocol (COS) used. Methods Clinical retrospective evaluation of total, clinical pregnancy and implantation rates in ART cycles performed in high responders according to the COS protocol used (long or antagonist) at Pathophysiology Unit of Human Reproduction and Sperm Bank of Pordenone from June 2000 to December 2010. Results In high responders total, clinical and implantation rates were significantly higher in long if compared with antagonist protocol with peak estradiol level ≤3,000 pg/ml; on the contrary there was a significantly higher implantation rate with antagonist than long protocol with peak estradiol >3,000 pg/ml. However in this subgroup of patients total and clinical pregnancy rates showed only a trend favouring antagonist possibly due to a statistical β error.
Introduction
After the introduction of in vitro fertilization by Edwards and Steptoe in 1978, much effort has been made to improve the clinical outcomes of assisted reproduction technologies (ART). Many protocols were implemented to improve the pregnancy rate in high, normal, and low ovarian responders. With the introduction of intracytoplasmic sperm injection in 1992, the chances of pregnancy were substantially improved as well as in severe male factor infertility. However, until now, the bottleneck for ART success is the low rate of embryo implantation. Even if embryos are produced in almost every cycle, at most only 20% successfully implant.
Embryo implantation is the result of a refined interplay between embryo quality and endometrial receptivity. The majority of authors agree that extremely high estradiol (E2) levels not only increase the risk of ovarian hyperstimulation, but also impair the reproductive outcome of ART [1] [2] [3] [4] [5] [6] . Thus, in high responders, we need to pay attention to avoid excessive ovarian responses to controlled ovarian stimulation (COS), not only to prevent ovarian hyperstimulation syndrome (OHSS), but also to improve embryo implantation. However, notwithstanding cautious approaches to ovarian stimulation, some patients have an exaggerated response with extremely high peak E2 levels.
High oestrogen levels have been suggested to reduce ART efficacy by impairing oocyte quality [1] or endometrial receptivity [7] [8] [9] . Several studies have been published that endometrial gene expression is different during COS compared with the natural cycle [10] .
Recently, it was suggested that an antagonist protocol, when compared with the long protocol, may more strictly resemble the natural cycle at the endometrial level [11] in terms of gene expression. GnRH antagonist use "per se" or combined with GnRH agonist induction of ovulation is also proposed to reduce the incidence of OHSS in high responders. However, to the best of our knowledge, there is no definitive agreement on which protocol produces the highest pregnancy rate in high responders.
The aim of present study was to retrospectively compare total, clinical pregnancy and implantation rates obtained with the long and antagonist protocols in high responders who had ≥12 oocytes retrieved and peak estradiol level lower or higher than 3,000 pg/ml.
Material and methods
ART cycles with fresh embryo transfers carried out at our centre in high responders (≥12 oocytes retrieved at pick up) from 2000 to 2010 were retrospectively analyzed. The total, clinical pregnancy and implantation rates in cycles with peak estradiol levels lower than and greater than 3,000 pg/ml according to the protocol (long or antagonist) used were calculated. Moreover, the total pregnancy rates for cycles with the long or antagonist protocol was also calculated in four subgroups of patients; those with peak E2 <2,000 pg/ml, >2,000 pg/ml, >3,000 pg/ml, and >4,000 pg/ml. Prognostic factors such as female age, duration of infertility, FSH levels, number of oocytes retrieved, and number of embryos transferred in the two groups of patients (peak E2 levels ≤3,000 and >3,000 pg/ml) were compared ( Tables 1, 2 ). The data were reported as the mean ± standard deviation (SD).
The total pregnancy rate was defined as β HCG levels greater than 5 mUI/ml, the clinical pregnancy rate as an intrauterine sac with a fetal heart beat per oocyte retrieval, and the implantation rate as the ratio of the number of uterine sacs to the number of embryos transferred.
The comparison of overall clinical pregnancy and implantation rates in the subgroups was performed with χ 2 test for independent samples. The difference between proportions was reported as significant or highly significant according to the P value (P<.05 or P<.01, respectively). 
Results
Mean female age, duration of infertility, and third-day FSH levels were not significantly different between the agonist and antagonist protocols, with peak E2 levels ≤3,000 pg/ml or >3,000 pg/ml. The distribution of the different causes of infertility was comparable in both groups.
In cycles with peak E2 levels ≤3,000 pg/ml, overall mean pregnancy rates of 45.1% (216/478) and 30.4% (42/138) were observed with the long and antagonist protocols, respectively (P=0.002). On the contrary, in cycles with peak E2 levels >3,000 pg/ml the overall mean pregnancy rate was 30.2% (29/96) and 44.2% (23/52) for the long and antagonist protocols, respectively (P=0.12). A significant difference in pregnancy rates between the agonist and antagonist groups favouring the agonist group in patients with peak estradiol ≤3,000 pg/ml was observed. On the contrary, only a trend favouring the antagonist group in those with peak E2 levels >3,000 pg/ml was observed.
Clinical pregnancy rates in cycles where the peak estradiol was ≤3,000 pg/ml of 35.1% (168/478) and 19.5% (27/138) were observed in the agonist and antagonist groups, respectively. On the contrary, in cycles with peak estradiol levels >3,000 pg/ml, clinical pregnancy rates of 20.8% (20/96) and 34.6% (18/52) were observed in the agonist and antagonist groups, respectively. The difference in clinical pregnancy rate between the agonist and antagonist protocols was also highly significant, favouring the agonist group in cycles where the peak E2 level was ≤3,000 pg/ml (35.1% vs. 19.5%; P= 0.0007), but only a trend favouring the antagonist protocol was observed in cycles where the E2 levels were >3,000 pg/ml (20.8% vs. 34.6%; P=0.1). However the differences in the implantation rates were significant in both subgroups, favouring the agonist group in cycles where the peak estradiol level was ≤3,000 pg/ml (agonist 16.6% vs. antagonist 9.5%; P= 0.0006) and in the antagonist group when the peak estradiol level was >3,000 pg/ml (antagonist 16.7% vs. agonist 8%) ( Table 3 ). The small number of patients and the ongoing character of several pregnancies did not permit an analysis of the live birth rates to be performed.
To further verify the impact of peak estradiol level on clinical outcome, we calculated the total pregnancy rate in Protocol Peak E2 ≤3,000 pg/ml Peak E2 >3,000 pg/ml (8/27) respectively, for the long protocol cycles were observed in these subgroups (Fig. 1) . A clear opposite trend in the total clinical pregnancy rate in high responders was evident in the long and antagonist cycles : an increase of total pregnancy rates with greater peak estradiol levels was observed with GnRH antagonist but not agonist use.
Discussion
Previous studies demonstrated a negative effect of high estradiol levels on the clinical outcomes of ART [1] [2] [3] [4] [5] [6] . Heavy ovarian stimulation has previously been suggested to increase oocyte aneuploidies in comparison with milder one [12] . Profound alterations in endometrial genes expression have also been observed after COS compared with the natural cycle [10] . The great majority of such studies have been performed with agonists [8] and recent work seems to suggest that antagonists use may produce an endometrium more strictly resembling that observed during the natural cycle [11] . A recent study did not find any relationship between peak estradiol levels and pregnancy rates in antagonist cycles, but this study evaluated patients with relatively low estradiol levels [13] . The mechanism for possible detrimental effects of COS on endometrial receptivity is not yet clarified, but modified gene expression [14, 15] , with an advancement [16] or delay [7] of endometrial development and a possible embryo-endometrial asynchrony have been suggested as pathogenic mechanisms. Previous studies addressing the issue of the optimal oocytes number for ART success found that the relationship between pregnancy rate and number of retrieved oocytes plateaus around twelve oocytes [17] . Our retrospective evaluation of the effect of high estradiol levels on pregnancy rate was limited to cycles where at least 12 oocytes were retrieved. Moreover, some authors have suggested a detrimental effect of estradiol levels greater than 3,000 pg/ml on pregnancy rates [18] ; therefore, this level was chosen as the cutoff for the statistical comparison of clinical outcomes.
Our data suggest that in cycles with high oocyte retrieval (≥12) the pregnancy rate differs according to the protocol used. A significant difference between the long and antagonist protocols in the total and clinical pregnancy was observed when the E2 levels were ≤3,000 pg/ml. For cycles with peak estradiol levels >3,000 pg/ml, only a trend favoring the antagonist protocol was observed. However, a significant difference in the implantation rates was also observed between the two protocols, favoring the agonist protocol when estradiol peak levels were ≤3,000 pg/ml and the antagonist protocol when the E2 levels were >3,000 pg/ml. Because of the limited number of observations of cycles with peak estradiol levels >3,000 pg/ml, we cannot exclude that, notwithstanding the significant differences in implantation rates, the lack of significance for pregnancy rates could be because of a β error. Even if the lower pregnancy rate with long protocol at higher E2 peak values, notwithstanding an higher number of retrieved oocytes, could be explained by a more frequent use of such protocol in polycystic ovarian syndrome this wasn't the right explanation of our data due a more frequent use of antagonist than agonist in such patients. Moreover even if the use of long and antagonist protocol changed during the ten years experience, with an increasing use of antagonists in the last years, even analyzing separately the cycles from June 2000 to December 2005 and from January 2006 to December 2010 we find the same results in the two periods. So the different use of long and antagonist protocol over time seems not able to explain our observations. Similar results have been recently obtained in a twocenter study by Nelson et al. [19] in which higher pregnancy rates were obtained with the antagonist protocol compared with the agonist protocol in high responders (AMH level ≥15 pmol/l). However, because of the multicenter design of the study and the low number of patients included, the authors avoided any speculation about the difference in pregnancy rates observed with the two protocols. On the contrary, our preliminary results, albeit retrospective, were obtained at the same center. Considering the lack of evidence for a difference in embryo quality in high responders between the two protocols, we believe that different effects of the agonist and antagonist protocols on endometrial receptivity at various estradiol levels could better explain the differences in total, clinical and embryo implantation rates. Accordingly, recent studies demonstrated differential effects at the endometrial level with the GnRH agonist and antagonist protocols [8] . However, in contrast with our observations, some authors suggested that high E2 levels had detrimental effects on endometrial receptivity in both the agonist and antagonist protocols [20] . Previous studies also showed that a stepdown long protocol may reduce the peak estradiol level in GnRH agonist cycles, reducing the detrimental effect on embryo implantation [18] . Similarly, cryopreservation and delayed thawed embryo transfer has been also suggested to avoid an impairment of the endometrial receptivity when the long protocol is used in high responders [21] .
Our retrospective data, although underpowered for the subgroup with E2 levels >3,000 pg/ml, suggest that the detrimental effect of high peak estradiol levels is restricted or at least more evident in GnRH agonist cycles. On the contrary in antagonist cycles with the increase of peak E2 levels an improvement of the clinical outcome was observed. Our study suffers several limitations as the retrospective design or the possibility of uncontrolled variables related biases but, if confirmed by future prospective studies, could be a preliminary evidence that, in high responders, antagonists use could be not only safer by reducing OHSS incidence, but also more effective in limiting the detrimental effect of high estradiol levels on embryo implantation.
The negative effects of high response are increased risk of OHSS, impaired embryo implantation, and possibly the recently reported detrimental effects on perinatal outcomes. Avoiding fresh embryo transfer in such patients could be a promising way to prevent late OHSS and, perhaps, any detrimental effect on the embryo implantation and perinatal outcome. However, frozen embryo transfer to postpone pregnancy could have a negative psychological impact on the patient and possibly reduce the pregnancy rate by increasing pregnancy loss [22] as a consequence of impaired embryo developmental potential. Moreover, even by avoiding fresh embryo transfer, a substantial risk of early OHSS after ovulation induction with HCG persists with both the agonist and antagonist protocols. Our retrospective data showing the possible prevention of the detrimental effect on embryo implantation with use of the antagonist protocol could be particularly interesting in light of the recently implemented approach of triggering ovulation with a GnRH agonist. Even if GnRH agonist triggering of final oocyte maturation was considered to be detrimental for pregnancy rates in the past, both donor [23] and frozenthawed homologous cycles [24] seem to suggest that this effect is mainly related to a defective luteal phase. Accordingly, GnRH agonist ovulation triggering coupled with aggressive luteal support seem able to save the fresh embryo transfer with extremely interesting pregnancy rates and extremely low or no risk at all of both early and late OHSS [25] . If a residual detrimental effect of GnRH agonist triggering on pregnancy rates in fresh cycles with high response [26] could be completely avoided by embryo freezing/vitrification and delayed thawed/warmed embryo transfer on unstimulated cycles, it should be addressed by future studies. So far, preliminary data show high pregnancy rates with a clinical approach that combines GnRH agonist triggering, pronuclear zygotes vitrification, and delayed warmed embryo transfer [27, 28] .
In conclusion our retrospective experience suggests that an increase of pregnancy rate with increasing peak E2 level can be observed with antagonist but not long protocol. Due to the lack of difference in the quality of transferred embryos, if confirmed in prospective studies, our data could suggest a different effect of the two protocols on endometrial receptivity at least at extreme ovarian response. We are aware that our observations, even if interesting and original, need substantial confirmations due to the possibility of biases related to uncontrolled variables.
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